I n t r o d u c t i o n
There has been considerable i n t e r e s t i n beat heating as a method of heating underdense plasmas y2y3.
The scheme uses two d i f f e r e n t -f r e q u e n c y ,
high-power l a s e r beams t o excite;parametricall!f, plasma waves i n t h e underdense plasmas. The subsequent damping o f t h e waves i s expected t o heat the plasma. I n order t o have e f f i c i e n t coupling o f l a s e r energy i n t o t h e plasma wave energy, t h e phase matching c o n d i t i o n must be s a t i s f i e d :
where wO,u1 are the l a s e r frequencies, w2 the plasma wave frequency, and lo, El, and a2 are t h e corresponding wave vectors.
An experiment using t h e 9.56 um and 10.28 um on a x i s . A t r a c e o f t h e plasma c u r r e n t i s shown i n Fig. 2 . The c u r r e n t has a peak value o f 125 kA and l a s e r i s focused i n t o the plasma a t approximately 5 us a f t e r the i n i t i a t i o n o f the plasma current. The listed figures represent the average of two or more numbers obtained under the same set of con-. ditions. The indicated errors are the 50% confidence limits obtained by assuming the data follows 6 the "Students" t-distribution . The temperature increase with the single frequency beam which has more energy per pulse is consistently higher than that with the double frequency beam at all filling pressures except at 1.5 Torr. On applying the paired t-test to the data, this observed departure is signigicantly different from the rest of the measurements with a better than 99% confidence 1 eve1 .
As the filling pressure is varied, no significant satellite emissions associated with the 1 1 1 1 2 P -3 P transition and the 2 S -3 D transition are observed, indicating that no large amplitude plasma waves are present. Discussion The density of plasma corresponding to 1.5 Torr filling pressure is 5.3 + .45 x 10 22 m-3 prior to the laser pulse. As a density of 5.9 x m-3 is required for resonance with the incident 9.56 um and 10.28 um radiations, it is likely that the observed additional heating at 1.5 Torr when the laser is running in the double frequency mode is a result of beat heating. However, this observed additional heating is insignificant compared to inverse bremsstrahlung, which may appear to be in conflict with theoretical predictions. The apparent contradiction may be resolved by the following explanation. At the resonance zone, which has a physical volume of the order of 1 mm3, the electrons will start to stream out of the interaction volume as soon as they are heated as a result of beat heating. Therefore, the density at the resonance zone drops and detuning from resonance may result. Conclusion An experiment investigating beat heating has been conducted. Additional heating at 1.5 Torr filling pressure is observed when the laser beam has both 9.56 vm and 10.28 vm radiation components. However, this additional heating is insignificant when compared to inverse bremsstrahlung heating. Absence of any significant satellite emmissions indicates that no large amplitude plasma waves are present. This agrees with the small additional 
